Summary
Vapor samples collected from the headspaces of the Hanford Site high-level radioactive waste tanks in 1994 and 1995 using the Vapor Sampling System (VSS) were reported to contain trace levels of phthalates, antioxidants, and certain other industrial chemicals that did not have a logical origin in the waste. This report examines the evidence these chemicals were sampling artifacts (contamination) and identifies the chemicals reported as headspace constituents that may instead have been contaminants. Specific recommendations are given regarding the marking of certain chemicals as suspect on the basis they were sampling manifold contaminants.
iii 
Introduction
Vapor samples collected from the headspaces of the Hanford Site high-level radioactive waste tanks in 1994 and 1995 using the Vapor Sampling System (VSS) were reported to contain trace levels of phthalates, antioxidants, and certain other industrial chemicals that did not have a logical origin in the waste. Phthalates are commonly used as plasticizers 1 and their presence in the samples was considered evidence some plastic component of the sampling system was outgassing phthalates into the air stream being sampled. However, they were not considered an important finding at the time, and their origin was not investigated. Recent efforts to identify headspace chemicals that could potentially be hazardous to tank farm workers have indicated two of the phthalates and several other related chemicals to be of potential concern. This report examines the evidence these chemicals were sampling artifacts (contamination) and identifies the chemicals reported as headspace constituents that may instead have been contaminants.
Background
The systematic characterization of tank headspace gases and vapors began in 1994 with the deployment of the VSS. It was a system to collect vapor samples using air transfer tubing, a valved manifold, air flow meters, and an air pump. The VSS pulled air from the headspace of a tank and exposed sampling devices (i.e., sorbent traps and SUMMA canisters) to the air stream in a controlled fashion. To prevent condensation of water vapor and reduce the adsorption of vapors on the manifold's inner surfaces, all components of the manifold upstream of the sampling devices were heated about 20 ºC above the tank headspace temperature or typically 50 ºC (e.g., Caprio 1995) .
To demonstrate the VSS was free of contamination from volatile cleaning solvents and residual vapors from previous sampling events, a SUMMA canister sample of ambient air was collected using the VSS before it was connected to the tank headspace. This consistently demonstrated only low levels of few, if any, volatile organic vapors to be present in the sampling system. This was not, however, a meaningful indicator of the presence or lack of semivolatile vapors, because the SUMMA analysis conducted at the time was not suitable for low levels of semivolatile vapors.
Procedures required that after it had been connected to the tank headspace and the desired system temperature had been reached the VSS was purged with air from the tank headspace for about 30 minutes at a flow rate of just over 5 L/min. This was intended to replace the air in the system with air from the tank headspace, bring the adsorbed species on the inner surfaces of the system into equilibrium with the headspace air, and further reduce any residual volatile vapor contamination in the system.
To prevent radiological contamination of the samples being collected and the VSS itself by airborne radioactive particles 2 , air from the headspace was drawn through two to four 47-mm glass fiber filters. The filters were removed and assayed after each sampling job or as needed for the shipment of samples, and new filters installed for subsequent sampling. Because the glass fiber filters were known to have a relatively high surface area and were considered a likely adsorption sink for semivolatile organic vapors present in the headspace air stream, the filter holders were maintained at much higher temperatures than the rest of the VSS -the sampling report for tank C-103 indicates 100 to 150 ºC was the desired temperature (Mahon et al. 1994) .
Contamination from the Sampling Manifold
Use of the glass fiber filters was identified as a potential source of contamination in December 1995 3 . Though interest at that time appears to have been in volatile (organic solvent) contamination, the potential for volatiles on the filter implies the filters being used were a type that contained an acrylic binder. This is important because the acrylic binder may have contained plasticizers and/or antioxidants that would have been released during the sampling event while the filter was at an elevated temperature (100 to 150 ºC) and collected in the samples. Subsequent vapor sampling events using the VSS and its replacement, the In Situ Vapor Sampling (ISVS) system, were conducted with filters that had been "baked out" to minimize contamination 4 .
In addition to the potential contamination from the filter itself, the glass fiber filters were sealed within their filter housings with an o-ring (typically Viton ® but possibly some variety of Buna) and vacuum grease applied to the o-ring. The stainless steel filter housing also contains a hard plastic retainer ring, though this could only contaminate the manifold if the filter was not sealed properly. The current version of the retainer ring sold by the Pall Corp. is polyfluorotetraethylene (PFTE) but other materials, such as Nylon, may have been used in 1994 and 1995 5 . The outgassing of plasticizers by the o-ring and the retainer ring at the elevated temperature of the filter housing is a potential additional source of the plasticizers detected in the samples.
Plasticizer contamination may have also come from the plastic ferrules used to seal miniature thermocouple wells in the VSS. These were 0.125-in. perfluoroalkoxy (PFA) Teflon ® or Nylon Swagelok ® ferrules that would have been exposed to the air sample stream at the temperature of the manifold (40 -50 ºC).
Evidence that plasticizers and other chemicals associated with the fabrication and preservation of the filter, o-ring, retainer ring, and thermocouple seals is considered here to be of four types.
1. The chemicals in question are neither known waste constituents nor reasonable waste chemistry products. 2. Analyses of similar materials (e.g. Viton o-rings) at elevated temperatures has indicated the presence of some of the chemicals in question. 3. The chemicals in question were reported primarily in samples collected with the VSS (where elevated temperatures were used), and observations of plasticizers are correlated with each other (several plasticizers are frequently seen together) and/or in time (certain plasticizers are seen in each tank that is sampled during a given period of time). 4. Subsequent vapor samples from a tank identified as having plasticizers in its headspace have failed to corroborate the original finding. Also, of the chemicals in question, only the phthalates have been detected in condensed-phase waste samples.
Each type of evidence is discussed below.
3 Email from Ricky D. Mahon to Thomas C. Trible, David A. Dodd, Larry L. Lockrem, James L. Huckaby, and Luther L. Buckley on 12/21/1995 entitled "Problem getting baked filters" indicates the Gelman Scientific, Inc., filters being used were found by an unnamed Gelman client to introduce chemical contamination. 4 Email from Ricky D. Mahon to Thomas C. Trible, Luther L. Buckley, David A. Dodd, James L. Huckaby, and Larry L. Lockrem on 1/2/1996 states that the glass fiber filters were being baked out for use in the January 1996 vapor sampling events, and that pre-baked filters had been ordered from the filter supplier, Gelman Scientific, Inc. 5 Gelman Scientific, Inc. instrumentation is now sold by the Pall Corporation, East Hills, New York.
3.1 3.2
Distinctive Properties of Sampling Manifold Contaminants
Stock (2004) examined the origins of organic compounds in the waste tanks, including those species known to have been put into the tanks and those species that are being formed by chemical reactions within the waste. Nearly all of the organic vapors detected in the tank headspaces can be explained in terms of these two origins, with the exceptions primarily being the semivolatile antioxidants and plasticizers discussed in this letter.
6 Stock reviewed the waste chemistry and has proposed mechanisms for the formation of the most common organic waste degradation products, e.g., alkanes, alkenes, alcohols, ethers, aldehydes, ketones, acids, esters, nitriles, nitrates, nitrites, nitro-compounds, etc. A common organic degradation reaction scheme involves the formation of a radical (usually via ionizing radiation) followed by oxidation of the fragments. These classes of compounds are well represented, with most and sometimes all members of the homologous series of straight C1 through C10 chain molecules having been reported in samples from the tank headspaces.
Chief among the species whose origins are not explainable, either as chemicals known to have been sent to the waste tanks or as products of the waste chemistry, are various molecules used as antioxidants, several phthalates, and several sulfonamides. These are listed in Table 1 , along with their Chemical Abstracts Services (CAS) registry numbers, molecular weights, maximum reported headspace concentrations, the number of tanks in which they have been reported, and notes on their industrial plasticizer uses. Reported by Manura (1994) in Viton o-ring off-gases.
3.4 1. CAS = Chemical Abstracts Service. 2. MW = molecular weight. 3. The CAS number given is that of the antioxidant 2,6-Di-tert-butyl-4-ethylphenol.
Laboratory Analyses of Sampling Manifold Components
No chemical analyses were conducted at Hanford in the period of interest to address the outgassing of semivolatiles from the plastic and rubber VSS components. However, studies have been conducted to examine the contamination of food and pharmaceutical products by contact with similar materials, and the outgassing of o-ring seals and plastic components are issues for ultra-clean and high vacuum systems (Manura 1994 , Wahl et al. 1996 , Manura et al. 1997 . In a study particularly relevant to this study, Manura (1994) examined the volatile and semivolatile components of Viton® and Buna-N o-rings by heating the o-rings to 150 ºC. The major components he found are reported in Table 2 . Those compounds that have also been reported in tank headspace samples in Table 2 are noted. Though the 150 ºC test temperature used by Manura is probably at the high end of the VSS o-ring temperature range, the results are qualitatively applicable. Most of the chemicals identified in the Manura study for these two types of o-rings were reported in VSS samples, suggesting that the proposed explanation for their presence in the samples -that they were outgassed by the o-rings in the filter housings -is correct. Because the Manura study was probably not conducted on o-rings from the same manufacturer as the orings used in the VSS, the agreement is not perfect. Formulations of plasticizers and mold release agents used vary with manufacturer, and may vary from batch to batch. 2. Reported in headspace samples and considered a potential sampling contaminant. 3. Reported in headspace samples but contamination levels not apt to significantly affect headspace concentrations. 7 In a telephone conversation with a representative of duPont on October 10, 2005 it was learned that Viton brand orings are made by individual manufacturers from raw Viton supplied by duPont, and that formulations and moldrelease agents vary depending on the manufacturer.
3.5 Table 1 plasticizers were reported during each sampling event. The date and tank being sampled are given, as well as the sampling method used to collect samples. Gray shading has been used to indicate when the VSS was used to collect samples, a consideration here because the plastic components in the VSS were heated and plasticizer offgassing correspondingly greater. Table 2 indicates the following:
Plasticizer Observations
1. The plasticizers in question tend to have been reported in samples collected before January 1996 and in samples collected using the heated-manifold of the VSS. While it is true that these early analyses frequently provided lower detection limits, particularly for tentatively identified compounds, over 20% of the plasticizers reported before January 1996 were at concentrations above the highest subsequent reporting limits for tentatively identified compounds (10 ppb). 2. Several of the plasticizers appear in nearly every tank sampled during a period of time. Nbutylbenzenesulfonamide, for example, was reported in 37 of 39 successive sampling events (from all 12 single-shell tank farms), but in only 2 other of the remaining events. This particular example also happens to have only been reported by one of the analytical laboratories, though the average level reported (about 14 ppb) would have been well above the reporting limits of other laboratories. Given 95% of the tanks found to have this chemical were sampled in a 1-year time period, it is more reasonable that the chemical was from some contamination source and not from the tank headspaces. Though the statistics are less dramatic for other plasticizers, the same observation generally applies -they tend to be reported in short streaks as might be expected if the sampling manifold or sampling methodology were subject to systematic contamination from new plastic manifold parts or unintended exposures during sample handling.
3. The plasticizers tend to be seen with other plasticizers. Ten plasticizers were reported in sampling event 36 at tank C-108, six were reported in event 41 at tank C-112, etc. This is in part due to the fact that lower detection limits were applied in some of the tanks, but the point remains that they tend to occur together. This suggests these chemicals were combined and used as plasticizers, and are not, for example, from an unrecorded process use of an antioxidant.
Consistency of Sampling Data
The tanks that were reported to have the plasticizers in the mid-1990s were not found to have the plasticizers when they were resampled. For example, none of the plasiticizers reported in samples from tanks BY-108, C-107, and S-102 between September 1994 and March 1995 (1 event at each tank) have been found again in those tanks despite at least five subsequent sampling events at each tank. Though not all tanks reported to have plasticizers in their headspaces have been resampled, there has been only one incidence of a plasticizer reported in a tank more than once. 
Recommendations
The presence of the plasticizers in vapor samples was not considered a safety issue in the 1990s and not addressed at the time the analytical results were received. Testing that could prove the source of the plasticizers was within the sampling manifold was not done at that time and can not be done now, because the sampling manifolds used during the 1990s have been dismantled and disposed of. Given the evidence described above, it is judged that the chemicals listed in Table 1 were from off-gassing of components in the sampling manifolds, and not from the tank headspaces. However, those phthalates that have also been reported in condensed-phase waste samples (diethylphthalate, dibutylphthalate, and bis-(2-ethylhexyl) phthalate) should be considered potential headspace constituents. It is therefore recommended that results associated with the "Phenols", "Other Benzene Derivatives", "Sulfonamides", and "Others" in Table 1 be considered suspect on the grounds there are strong bases for them being contaminants of the sampling manifold. 
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